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Abstract. Both adriamycin (ADM) and hyperthermia show 
thermal chemo-enhancement. Tolerance induction against 
ADM in heated cells has been reported resulting in clinical 
difficulty of cancer therapy. We investigated thermo-
enhancement induced with ADM (0.2  mg/m1) treatment alone 
or combined with ADM and 42°C hyperthermia in Chinese 
hamster V79 cells in vitro. Intracellular accumulation of hsc70 
and hsp72 proteins after hyperthermia or ADM was observed 
to examine the possible relationship between cell killing effect 
and their accumulations. Thermosensitivity of V79 cells at 
42°C after the simultaneous treatments with ADM showed 
marked thermo-enhancement within the  short-term treatments 
for less than 1 h, while the combined treatments for longer 
than 1 h, the cells showed reduced  thermosensitivity.  Survival 
from the simultaneous treatments for less than 1 h was reduced 
markedly less than the single treatment both with ADM or 
42°C  hyperthermia alone. Thermotolerance was markedly 
induced in a step-up hyperthermia (42°C 2 h - 44°C). The 
combined treatments with ADM and 44°C hyperthermia 
following the 42°C preheating alone does not inhibit thermo-
tolerance development. The combined treatments with ADM 
and 42°C preheating showed markedly interactive cell 
 killing. but no thermo-enhancement to the following 44°C 
hyperthermia was shown. The leveling slope of the 44°C 
heating period - survival curve was drawn. In the Western 
blot analyses, hsc70 existed constitutively in the V79 cells. 
Following the 42 or 44°C hyperthermia alone, intracellular 
accumulation of hsp72 was determined. ADM treatment alone
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didnotinduceanyaccumulationofhsp72.Inthesimultaneous
treatmentswithADMandhyperthermia,theaccumulationof
hsp72wasmarkedlyreduced.Theaccumulationofhsp72after
thecombinedtreatmentwithADMandhyperthermiawasnot
observedasmarkedlyasthatafterhyperthermiaalone.
Introduction
Adriamycin (14-hydroxydaunorubicin, doxorubicin,  NSC-
123127 or adriblastin) was adopted for cancer therapy in 1969 
(1). This chemical substance, one of the anthracyclines, was 
isolated from cultured  Streptotnyces peucetius var.  caesius 
by Arcamone t  al, and showed anti-tumor effect (1). ADM 
has been adopted for human cancer therapy and treated alone 
or in the interdisciplinary therapy combined with  radiation, 
hyperthermia and/or a variety of the other anticancer drugs 
(2). Mechanism of action of ADM has been widely 
investigated. It was reported that DNA treated with low 
concentration of ADM resulted in the single strand breaks 
among a variety of cell lines (3), and that double strand breaks 
increased in accordance with increase in ADM concentration. 
It was first considered that ADM intercalates to the adjacent 
base pairs of the double stranded DNA and results in 
inhibition of enzymes concerning DNA replication and 
transcription (4,5). However, it was suggested that another 
target existed on nucleic membrane that altered the structure 
function of the membrane (6). Hyperthermia h s been shown 
interactive ffect  in combined treatments with a variety of 
anticancer drugs, in which interactive ffect of combined 
treatment with ADM and hyperthermia is reported (7). It was 
first reported that cells exposed to step-up heating (i.g.  42-
44°C) tolerated the determining heating (44°C) (8,9).  Hsp70 
family, including hsc70 (10) and hsp72  (11) proteins, is 
transcriptionally induced as stress protein due to transitional 
or sublethal damage such as hyperthermia (11,12), inhibition 
of metabolism, heavy metals, virus infection, UV (13) or 
ionizing radiation (14) and DNA damaging agents (15). 
Stress prot in synthesis is regulated by stress-specific 
transcription  factors, molecular chaperons  that protect cells 
 Lam stress, taking an important role to maintain homeostasis 
(16). Since interactive ffect of ADM and hyperthermia s
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no【observedclearlyin'πγ'voexperimentsorclinicalresults,
mechanismoftheinteractionhasbeeninvestigatedin
quantitativecoIonyfbrmationbysurvivingcells'〃v'"・oand
Westernblotanalysesofhsp70familyinthepresentstudy.
Materialsandmethods
Cellsandcaclturemedium.ChinesehamsterV79cells(17)were
coloniallyclonedandusedforallthepresentexperiments,
andculturedinthemediumMLN-15,110fwhichcontained
730mlofEagle'sMEMsolution(NissuiPharmaceuticalCo.,
Tokyo,Japan),20mlof2.5%w/vautoclavedlactalUurnin
hydrolysatesolution(DifcoLaboratories,Detroit,MI,USA),
100mlofNCTC-135solution(GibcoLaboratories,Grand
Island.NY.USA)and150mlofinactivatednewborncalf
serum(Gibco).
Hン耀r〃ie'喝〃Z'aa'is!〃iesc〃億y酬 π8cel'CO'0'り,ノor'〃atio'Z.
Hyperthermiawascarriedoutbyimmersionofcultureflasks
ofthetightenedscre、、・topsinatemperature-regulatedwater
bath(ModelEPS-47,ToyoSeisakushoCo.,Tokyo,Jappan)
pre-setat420r44℃.Thetemperaturewasmaintainedwithin
theerrorof±0.05°Cofthepre-settemperaturesasmeasured
byathermistor(ModelD116-1251,TaKaRaThermistor
InstrumentsCo.,Yokohama.Japan).Eachflaskwasexposed
tohyperthermiaorADMtreatmentforgradedperiods(is).
ThecellswerefinallyculturedinaCOZincubator(Tabai-Espec
LNA-3DH,Osaka,Japan)intheflasksfor5-10daystoallow
growthforvisiblecolonyformationofthesurvivingcells
fromthetreatmentofhyperthermiaorADM.Thesurviving
cellfractionsweredeterminedusingacolonyformingassay
(is).
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T.,-eatrne,tttivitftADM.ADM(KyowaHakkoCo.,Tokyo,
Japan)wasdissolvedinthecultし1remed沁mattheFinal
concentrationofO.2ｵg/mlforallthepresenttreatment,that
wasaboutahalfofthestandardclinicaldoserange(drug
weight/humanbodyweight).Theadheredcellsontheinner
laceinthebottomoftheflaskswereexposedwithADMby
replacementwith6mloftheADMsolutioninMLN-15for
gradedperiods,theADMsolutionwaschased,theadhered
cellswererinsedtwiceandrefedwith6mlofthe37°Cculture
medium,MLN-15.Thustreatedflaskswereincubated
sritionarilyforvisiblecolonyformation.
Hsc70acidhsp72asscrys.Afterthevarietyofthoseisotoxic
treatments,thecellswereincubatedat37℃fbrgradedillterval
periods[essthan24h,andtheaccumu且atedamountsofhsc70
andhsp72inthecellswereexaminedbyWesternblotanalysis
(19).Theadoptedmonoclonalantibodyagainsthsp72was
C92F3A-5(StressGenBiotechnologiesCorp.,Victoria,BC,
Canada)whilethatagainsthsc70wasBB70(StressGenBio-
technologiesCorp.).
Results
42°Calolxe,ADMα'o'ICor-theSl'"crlta'180z`5'yco〃rbirrerl
treatments.Inheatingperiod-survivalrelationshipoPV79
cellsat42°C,thethermosensitivitywasmoderate.Intheinitial
partofthesurvivalcurve,sublethalthermaldamagerepair
0 iz3as
TreatmentPeriodsinHour
G
FigureLEffectofsimul電aneous口陰 atmentwi【hADMα2μg1血lonsurvival
ofx'79cellsfrom42°Chyperthcrmia.Ordinate:logsurvivingfractionsin
colonyformingunit.Abscissa:treatmentperiodsofADM,42°CorADivlat
42°Cinhour.OpencirclesrepresentsurvivingfractionsfromADMalone.
Opencirclcsshowexpollentia且regressionto【hegmdedtrea[mentperi〔xis
withADMbutnoapparentrepairfromsublethalchemicaldamageappeared_
OpentrianglesrepresentsurvivingfractionsfromX12℃h}Te曲emiaalone.
Thesurvivalculverepresen岱rcpairfヒomsublethai山ermaldamage(SLTDR)
inshoulderprofilefollower!bygentlerslopeinexponentialregression
indicatinginductionofthermotoleranceafter3hhyperthermiaat42'C.
Closedcirclesrepresentsurvivingfractionsfromsimultaneouslycombined
treatmentswithADMand42°Chyperthermiaresultinginmarkedlysteeper
regressionofthesurvivingfmc【ionfortheinitia口hofthetreatment
followedbytheanotherexponentialrecessionwithreducedlethalsensitivity
inthem<<rkedlygentlerslopeforsh.Theerrorbarsonthesymbolsrepresent
standarderrorsofthreereplicateflasks.Symbolswithouterrorbarrepresent
thatthosebarsarewithinthesymbols.
(SLTDR)wasshownintheprofileof`shoulder'_followedby
exponentialregressionappearingwithinthe42°Cheating
periodi-or1.5-3hinthesurvivalcurve.Intheheatingperiod
formorethan3h,survivingfractionsfurtherregressed
exponentiallyinmarkedlygentlerslopeofthesurvivalcurve
asthermotolerancedevelopedasshownwithopentrianglesin
Fig.1.TheADM(0.2ｵ.g/ml)treatmentperiod-survival
curveat37°Cshowedasimpleexponentialregressionas
shownwithopencirclesinFig.1.Simultaneoustreatments
withthe42°Chyper-thermicandtheADMresultedinthe
regressioncurveofthesurvivingfractionwithmarkedly
steeperslopefortheinitiallhofthetreatment,followedby
thegentlerexponentialregressionforfurther4hsofaras
assayedasshownwithclosedcirclesinFig.1.Tovalues,
treatmentperiodrequiredtoreducesurvivalsby1/einthe
compartmentofexponentialregression,areshowninTableI.
Inthecombinedtreatmentwith42°Chyperthermiaand
ADM,thelethalsensitivityfortheinitiallhwasmarkedly
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TableI.TovaluesofV79cellsinsurvivalsfromtreatment
with42°C,ADMor42°CandADM.
To,inminTO2ininin
(beforeinduction(afterinduction
ofthermotolerance)ofthermotolerance)
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Tovalue,incubationperiodrequiredtoreducesurvivingfractionby
1/eintheexponentiallyregressingcompartmentoftreatmentperiod
-survivalcurveincolonyformingunit.
higherbutfollowedbyanexponentialregressionforthe
reducedlethalsensitivityformorethanlh,whiletreatment
withADMaloneshowedaconstantlethalsensitivityas
showninFig.1.
Eπんαπcαπε'lteffectof42°Cpeel昭α'加80'Ithe'etJtn'c1己e〃zo-
sensitivityoftherniotoleraritV79cellstoADM,andeffectof
ADMonstcrvivalreductionofstep-up(42-44°CJthernto-
tolerantV79cells.ThethermotoleranceofV79cellswas
inducedby42°Cpreheatingfor2h.Chemosensitivityofthe
thermotolerantV79cellstoADMwasenhancedratherthan
thechemosensitivitytoADMalone.However,lethalsensitivity
ofthethermotolerantV79cellstosimultaneoustreatmerrt.s
togetherwithADMand44°Chyperthermia(42°Cfor2h
alone-44°CforgradedperiodsinminwithADM)was
markedlyinteractiveinthecombinedtreatmentforlessthanthe
initial10minfollowedbymarkedlygentlelethalsensitivity,
whichwassimilartothosefor44°Clethalthermosensitivity
of42-44°Cstep-upthermotolerantcellsasshownwithopen
trianglesinFig.2.
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Interactiveeffectofsi≫ucltaneoustreatnienxstogetherwith
42°CacrdADMfor-2hontlrer・rrro-clrenro-enluurcerrrerrt,card
effectofADMoninductionofthestep-upthermotolernnce
duringthe42°Cpreheatingfor2hasdeterminedbythe44°C
hypertherniia.Survivingfractionfrom42°Cpreheatingfor2h
aloneinthe42-44°Cstep-upheatingwasabout40%.
SurvivingfractionfromADMtreatmentaloneat37℃fbr21、
wasabout20%.Thereforetheoreticalsurvivalfractionfrom
thecombinedtreatmentsshouldbeabout8010(0.4xO.2)unless
therevasanyinteractiveeffect.however,thepractical
survivingfractionfromthecombinedtreatmentstogether
tivithADMand42°Chyperthermiabothfor2h,wasabout
1%,thatwasmarkedlylowerthanthetheoreticallyestimated
8%.Theresultedsurvivingfractionwasmuchlessthanthe
theoreticallyestimatedasshownontheordinateofFig.3,
suggestingtheinteractiveeffbctbetweenthetreatmentsof
ADMand42℃hyper由ermia.Survivingcellsfromthe
combinedtreatmentswithADMand42°Chyperthermiafor
2hwereultimatelythermotolerantintheir44°Clethal
thermosensitivitytothefollowing44°Chyperthermia
0 10203040SO
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Figure2.EffectofA●Monsurvivalfrom44°Chyperthermiain42°C
preheatedthermotolerantV79cellsandeffectof42°Gpreheatingonsurvival
fromADMtreatmentat37°C.grdinate:logsurvivingfractionsincolony
fon皿hlgunit.Abscissa:treatmentperiodsofADIvi,44℃hytpc曲eemiaalone
orADMat44°Cinmin.Opencirclesandopensquaresrepresentsurviving
倉actlonsf『omADMaloneand44℃byperthermiaalone,respec症vcly.Opcn
trianglesrepresentsurvivingfractionsof42°CpreheatediherrnotolerantV79
cells,from44°Chyperthermiaforgradedperiods.Closedcixclesrepresent
survivingfractionsfromADMtreatmentforgradedperiodsat37°Cafter
42°Cpreheatingfor2h.Aclosedcircleoutheordinaterepresentsasurvival
from42°Cfor2halone.Closedtrianglesrepresentsurvivingfractionsfrom
ADMat44°Cforgradedperiodsafter42°Cpreheatingfpr2h,whichwas
intcractiveinthecombinedtreatmentforlessthan10miryfollowedbyan
exponentiairegrcssioninreducedle舳lsensitivity,andwhichwassimilar
!o【hosefor44℃lethalthermosens川vityofstep-up(42-44℃)
thermotolerantcells.Theerrorbarsonthesymbolsrepresentstandarderrors
ofthreereplicateflasks.Symbolswithouterrorbarrepresentthatthosebars
arewi【hin山esymbols.
regardlessthattheADMwasmaintainedthroughthe44°C
hyperthermia.Themarkedinteractiveeffectofthetreatments
togetherwith42°ChyperthermiaandADMwasobservedbut
thesurvivingcellsfromthecombinedsimultaneoustreatments
(A--Mand42°C}showedalmostnoapparentthermosensitivity
othefollowing44°ChyperthermiaasshowninFig.3.
Wefurtherinvestigatedthetimecourseofinfra-cellular
accumulationofhsc70andhsp72proteinsduringthe37°C
incubationintervalbetweenthetreatmentandWestern
blotting.
晩 ∫'θη置わJo'analysesafte〃hevar'⑳of舵伽e'砿 ∫w"崩0〃,
42°Cand44°Chyperthennia.The37°Cintervalperiodsafter
tidevarietyofthetreatmentsandtheWesternblotrangedfrom
Oto24h.Timecourseoftheintracellularaccumulationof
hsc700rhsp72proteinwasqualitativelyanalyzedby
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Figure3.EffectofADMoninduc¢ionofthermotoleranceor【hcrmo-
enhancementduring42°Cpreheatingfor2hinV79cells.Ordinate:log
survivingfractionsincolonyformingunit.Abscissa:periodsof44°C
hyperthermlainmin.Opencirclcsrepresentsurvivingfractionsfrom44℃
hyperthermiaalone.Closedcirclesrepresentsurvivingfractions,of42°C
preheatedcellsfbr2h,翫om44℃hyperthermiafbrgradedperiods.Open
lriallglcsrepr¢sen【SUI'VIVIRQfractions,ofpre【reatedcclls!ogetherwith42°C
andADIvifor2h,from44°Chyperthermiaforgradedperiods.Closed
trianglesrepresentsurvivingfractions,ofceilspretrea【cdtogetherwi【h42℃
andADNifor2h,fromthetreatmenttogetherwith4=t`Chyperthermiaand
ADMfbrgradedperiods.Closeddrcleon山eordin飢ercpresentssur、'iving
fractionfrom42°Calonefor2h.Semiclosedtriangleontheordinate
represen6survivingfractionfromADA4!reatmentaloneforth.Closedand
opentrianglesontheorJinaterepresentsurvivingtractionsfromADNiand
42°Chyperthermiafor2h.Survivingfractionsofcellspretreatedtogether
with42'CandADMwasmarkedlydecreasedasshownbytheopenor
closedtriangleontheordinateindicatingthemarkedinteractivecellkilling,
buttheinducedther署notolerancewasmarkedlyappearcdbythefurlher
IIL'1(Ifltll【wi山44°ChyperthermiaregardlessofADMtreatmenしTllecrror
barsonthesymbolsrepresentstandarderrorsofthrccreplicateflasks.
Symbolswithouterrorbarrepresentthatthosebarsarcwithinthesymbols.
Westernblotting.Thequalitativeobservationssuggestedas
follows;a}accumulationofhsc70didnotappreciablychange
bytheADMtreatmentduringtheO-24hintervalincubation
betweenADMtreatmentandWesternblot;b)accumulation
ofhsc70increasedbythe42℃hyperthermiaalonebulwas
notsignificantlydifferent;c)increaseinhsc70accumulation
afterthecombinedtreatmentswithADMand42°C
hyperthermiawasnotobservedsignificantly;d)hsc70
accumulationafterthe44°Chyperthermiaaloneincreased
but≪gasnotsignificant;e)hsc70accumulationafterthe
combinedtreatmentwithADMand44°Chyperthermiawas
observedbutnotsignificant;f)thehsp72aftertheADM
treatmentat37°Cwasnotappreciablyaccumulatedduring
theintervalincubationperiodsforO-24h;g)thehsp72was
1Ainure=3.Hsc7aaccunuilationofV79cellstreatedwithADM,42`C(upper
palleりor44℃(10wcrpane1)hyper山ermia,orthccombinationwi竃hADM
andhyperthermia,afterthegradedperiodsofincubationintervals.Time
courseofintracellularaccumulationofhsc70inV79cellsafterthe
treatmentswithADM,hyperthermiaorthecombinationwereexaminedby
"'eslcrnblotting.LSshown.Numeralsonhorizontzllincofこhepanels
rcpresent37°CincubationintervalsinhourbehveenthetreatmentsofADM,
hyperthermiaorthecombinationandtheblotting,respectively,andthe`C'
ontheleftofthepanelsrepresentthelaneforhsc700fthenon-treated
controlV79cells.Eachtreatmentperiodintheupperpanelwasdesignedfor
3hl'orADMalonc,5hfor42℃aloneand30.minfor出ecombined
treatments(survivinblateinC.T'.U.of10°Jo,respectively),whileinthe
lowerpanel20minfor44℃aloneand10minforthecombined廿じatmen[s
(survivinglateinCF.U.of30%,respectively).Treatmentperiodsin!he
upperandlowerpanelsweredesignedtogiveisotoxiceffectofthecell
killing,respectively.Theincubatedcellswereexaminedforhsc70
acct.innilationbyWesternblotting,andtransferredonthePoly-Screen
YVDFmembraneO-24haftertheincubationinterval.Stainedhsc70
electrophoreticbandswerecutandpickedupfromthemembraneand
sllown.Sixand24hafterthe42℃hyperthemliafor5h,showedmore
hsc70Ulantheo肛herlanes.Accumula[ionofhsc70,constitutivestress
proteinprobablyinducedbythemiscellaneousstresses,wasnotreducedby
theA17Mtreatmentandslightlyenhancedbythehyperthermiaat420r44°C
butslightlyreducedbythecombinedtreatmentswithADMand
hyperthermiaat42°C.
accumulatedafterthe42℃hyperthermiaaloneduringthe
intervalincubationfor6-24hbutwasnotappreciably
accumulatedafterthecombinedtreatmentwithADMand
42℃hyperthermia;andh)hsp72wasaccumulated6-24h
afterthecombinedtreatmentwithADMand44°C
hyperthermia,theamountofwhichwasmarkedlyslighter
thanthatafter44°Chyperthermiaalone.Westernblotfinding
onhsc70andhsp72wasnomorethanqualitativefinding,but
theloweraccumulationofhsc70wasobservedafterthe
simultaneoustreatmentswithADMand42°Chyperthermia
ratherthanthatafter42°Chyperthermiaaloneandno
significantdiffe1'encewasobservedbetweengroupsofthe
combinedtreatmentsandthecontrol.Hsp72wasmarkedly
accumulated6-24hafter42°Cor44°Chyperthermiaalone
whileitwasnotappreciablyobservedafterADMtreatment
alone,butobservedafterthecombinedtreatmentwithADM
and44°Chyperthermia.
Discussion
Sc紺va'∫"ZCO10〃yfornt'nguii〃afterati・ω 'etvo〃real〃re'Z'∫.
Severalresultswereobtainedfromthequantitativeassayin
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Figure 5. Hsp72 accumulation of V79 cells treated with ADM,  42°C (upper 
panel) or  44°C (lower panel)  hyperthermia, or combined with ADM and 
hyperthermia, fter the graded periods of incubation intervals. Time course 
of intracellular ccumulation of hsp72 in V79 cells after the treatments with 
ADM, hyperthermia or the combination were examined by Western blotting 
as shown. Numerals on horizontal line of the panels represent  37°C 
incubation intervals  in hour between the treatments of ADM,  hyperthermia 
or the combination and the blotting, respectively, and the  'C' on the left of 
the panel represents he lane for hsp72 of the non-treated control V79 cells. 
Each treatment period was designed 3h for ADM alone, 5 h for  42°C alone 
and 30  min for the combined treatments  ( urviving late in C.F.U. of  10%, 
respectively), while in the lower panel 20  min for  44°C alone and 10  min for 
the combined treatments. All the treatment periods were designed to give 
isotoxic effect of the cell killing. Hsp72 was accumulated 6-24 h after  42°C 
or 24 h after  44°C  hyperthermia alone that was not appreciably accumulated 
after ADM treatment alone, but accumulated slightly after the combined 
treatments with  44°C hyperthermia and ADM. In the lanes of control and 
those after treatment with ADM alone no appreciable accumulation f hsp72 
was observed. Hsp72 was accumulated 24 h after 42 or  44°C hyperthermia 
but was not accumulated after ADM at  37°C, while it was slightly 
recognized 0,6 and 24 h after combined treatments with ADM and  44°C for 
 10  min but was not recognized appreciably 0, 6 and 24 h after combined 
treatments with ADM and  42°C for 30  min. These blottings indicate ADM 
treatment did not appreciably induce hsp72 in the present assay system, and it 
took six or more hours of intervals after hyperthermia to induce hsp72 but 
ADM combined with hyperthermia efficiently inhibit accumulation f  hsp72.
colonyformationbythesurvivingcellsfromtreatmentswith
hyperthermiaat420r44°C,ADMandthesimultaneous
treatments.Interactioninenhancedcellkillingbysimultaneous
treatmentswithhyperthermiaandADMwasyieldedasshown
inFigs.1and3andTableI.Initialcombinedshort-treatment
withhyperthermiaandADMresultedinmarkedlyenhanced
cellkillingandWesternblotanalysisafterthecombined
treatment≪pithhyperthermiaandADMresultedinmarkedly
reducedaccumulationofhsp72ratherthanthatafterhyper-
thermicalone,suggestinginhibitionofhsp72accumulation
byADM,i.e.lowerthanthetheoreticallyestimated8.8°lo.
Thereducedsurvivingfractionwasmuchlessthanthe
theoreticallyestimated,suggestingtheinteractiveeffect
betweenthetreatmentsofADMand42°Chyperthermia.Itis
elucidatedthatthesimultaneoustreatmentswithADMand
hyperthermiafortheinitialshortperiodsuchaslhat42°C
orIOminat44℃hyperthermiawasreasonablyindicativeto
expectmarkedinteractivecellkilling.
E'tliu　tce〃1επ'effectof42℃P'・elceatingo'zthelet/talclie〃IO-
Se12S'ljll?め・ofthe'!rernrotolei°alitV79cel'StoADル1,acideffect
ρズADルfo'1Sll'°しゾソ`z1"edtcctio〃ofthe〃rroto'{0'°o'πV79ce〃5
fromstep-up(42-44°C)hypertherrrua.Thermotolerancewas
inducedmarkedlyintheV79cellsbythe42°Cpreheatingfor
2h,thatwasexaminedbythcfol[owing44℃hyperthermia
forthegradedperiods.ChemosensitivitytoADMat37°Cafter
the42°Cpreheatingresultedinmoderatechemo-enhancement
inducedbythepreheating.ChemosensitivitytoADMat44°C
afterthe42°Cpreheatingresultedinthesameslopeofthe
survivalcurvetothatofADMat37°C.Sincetheinitial10min
ofthetreatmentstogetherwithADMandthe44°Chyper-
thermicafterthe42°Cpreheatingfor2hresultedinmarkedly
interactivecellkilling,thissurvivalcurve(42°Cfor2h-ADM
at44°C)wasdrawnparalleltoandfarbelowanothercurve
(42°Cfor2h-ADMat37°C)suggestingnoappreciaUle
chemicalenhancementtoADMbyhyperthermiaat44°C
exceptfortheinitial10minofADMtreatmentat44°Cafter
thepreheating.AlthoughADMtreatmentat37°Cinducedno
appreciablehsp72accumulation,butinducedmarked
accumulationofhsp72after420r44°Chyperthermia,the
combinedtreatmentsofADMandhyperthermiayieldedno,
orveryslight,accumulationofhsp72indicatingthatADM
didnotonlyinduceaccumulationofhsp72butinhibithsp72
accumulationowingtothehyperthermia.Quantitativetime
courseassayincolonyformationofsurvivingcellsfromthe
varietyoftreatmentswithADMandhyperthermiawas
hardlyinterpretedbythequalitativeWesternblotanalysisof
theintracellularaccumulationofhscorhsp.P53statusofthe
V79cellshasbeenreportedmutanttype(20).Therelated
problemshavebeenreviewedbytheauthors(21).
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